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Abstract

Several nucleoside 5-monophosphate analogues and lipophilic nucleoside 5'-(3-pyridinylcarbonyl)monophosphate

analogues were synthesized. Antitumor activities of the synthesized nucleoside analogues against P388 mouse leukemia,
FMBA murine mammary carcinoma, and U937 human histiocytic lymphoma cells were determined by MTT assay. Antitumor
activities of the lipophilic uridine 5'-(3-pyridinylcarbonyl)monophosphate(7) and 2',3'-didehydro-3'-deoxy-thymidine-5'-
(3-pyridinylcarbonyl)monophosphate(8) were stronger than those of uridine 5'-monophosphate(l) and 2',3'-didehydro-
3'-deoxythymidine-5'-monophosphate(4). This preliminary experimental result suggests that nucleoside 5'-(3-pyridinylcar-

bonyl)monophosphate analogues may be new prodrugs to overcome the clinical limit.
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Introduction

Chemotherapeutic agent was known as chemical sub-
stance which acted directly to pathogen and killed it or
depressed its growth and then cured the infection dis-
ease. It contained antiviral agents, antitumor agents,
antibiotics, et al [4]. Hichings et al. had tried to modify
the purine and pyrimidine component of nucleic acid 50
years ago [5 14], and this research provoked many
workers to develop the nucleoside analogues which
were used in the removal of tumor and viral infectious
disease. The reason for the active study of nucleoside
an’a'légue was because its physiological function was
various [2, 15] and the cell membrane permeability was
good [1, 6] and the possibility of structural modification
was unlimited.

Although useful nucleoside analogues were studied

and reached to the clinical step the toxicity and resistance
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for normal cell were pointed as the clinical limit. In the
case of tumor and viral infection, the toxicity for normal
cell was strong. Now we are trying to maintain the effect
of the pre-developed drug and solve the above problems.
The most promising study is the one on the lipophilic
nucleoside monophosphate analogue [3, 7, 9-11]

Several nucleoside 5-monophosphate and lipophilic
nucleoside 5'-(3-pyridinylcarbony!) monophosphate ana-
logues were synthesized in this study [7] and then the
antitumor activities [13] of the synthesized nucleoside

analogues for tumor cells were determined.

Materials and Method

Reagents
Uracil, uridine, thymidine, phosphorus pentasulfide,
0.5M nitronium tetraftuoroboric acid sulfolan, methane-

sulfonyl chloride, nicotinic acid, and KOtBu were
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purchased from Aldrich Co(USA). Triethyl phosphate
was from Fluka Co(Swiss). MTT(3-[4,5-dimethylthiazole-
2-yl]-2,5-diphenyl-tetrazolium bromide) was obtained from
Sigma Co(USA).

Instruments

Melting point of each synthesized compound was
measured using electrothermal capillary melting point
measuring apparatus. 'H-NMR spectrum was obtained
on Varian EM-360A(60 MHz), Varian Gemini-200(200MHz),
and Bruker AM 300(300MHz) spectrometer. "C-NMR spec-
trum was obtained on Bruker AM 300 spectrometer and
IR spectrum on Bomen spectrometer using KBr pellet. Ip.
NMR spectrum was obtained from Pohang University of
Science and Techonology. ELISA Processor I Microplate

was used to measure absorbance in determining ICs.

Synthetic procedure

All the solvents were used after purification according
to general procedure [11]. The completion of reaction was
identified by TLC. Silica gel for TLC was silica gel 60
FpyMerck) and the reaction was identified using UV
(254nm) or anisaldehyde solution [3]. Distillation was
carried out with rotary evaporator under the vacuum
below 30°C or with short-path distillation apparatus

cooling on dryice-acetone.

Synthesis of nucleoside 5'-monophosphate an-
alogue (Fig. 1)

POCI3(7.42 mmol) was added to redistilled (EtO);PO
on BaO at -5 - 0°C and nucleoside analogue(4mmol)
was reacted and stirred for 3h. Cool distilled water was
slowly added on ice-bath and extracted triethylphosphate
with diethyl ether, and then neutralized water layer to
pH 7.0 with saturated NaCl solution. Water layer was
vacuum dried to obtain white solid. This solid was
dissolved in minimal amount of distilled water, sep-
arated with silica gel column(10mm x 20cm, CHCl; :
MeOH : Hy0=65:254), and the solvents were vacuum

dried, washed with acetone, and recrystallized with
EtOH to produce nucleoside 5'-monophosphate analogue.

Uridine 5'-monophosphate(1) mp 208-210(dec.),
P-NMR (D;0)  0.98, "H-NMR(D;0) § 8.15(d, 1H, H-6),
59-6.1(m, br, 3H), 4.85(s, 2H), 41(d, 1H), 45-4.3(m, 2H,
H-5), IR(KBr) 3100, 1610, 1250, 1080 and 1055 cm™.

2'3-O-isopropylidene uridine 5-monophosphate(2} :
mp 177-180°C  '"H-NMR(D:0) § 7.77(d, 1H, H-5, 6),
5.79(t, 3H), 4.78(s, 2H), 4.24(s, 1H), 3.81(s, 2H, H-5),
142 & 1.23, IR(KBr) 3451, 1680, 1092 cm’

5-Nitrouridne 5'-monophosphate(3): 'H-NMR(D;O) &
701(s, 1H, H-6), 5.95(s, 1H, H-1'), 5.21(s, 2H, H-5'), 4.23
(d, 2H, H-2, H-3), 2.06(s, 9H, (CHai)s), IR(KBr) 1650,
1700(amide C=0), 1400 cm’(-NO,).

2,3'-didehydro-3'-deoxythymidine-5"-monophosphate
(4): mp 283- 285°C, 'H-NMR(D;O) & 7.48(s, 1H, H-6),
6.75(s, 1H, H-V), 6.34(d, 1H, H-3"), 579(dd, 1H, H-2),
4.85(s, 1H, H-¢'), 4.34(dd, 2H, H-5), 1.70(s, 3H, CHa),
BCNMR(DO) & 157.03(C4), 151.49(C-2), 148.55(C-6),
12401 (C-3), 86.98(C-2), 86.37(C-5), 7141(C-T'), 69.57
(C4), 62.64(C-5"), 12.32 (CH;3), IR(KBr) 3456, 1672, 1253,
1171, 1045, 975 cm”.

3-B-D-ribosyl-8-azaxanthine 5'-monophosphate(5) : 'H-
NMR (D:0) & 1049(br, NH), 7.93(s), 7.27-7.19(br, 1H,
H-1), 6.15-6.12(s, s, 2H, H-5"), 511(m, 2H, H-2, H-3),
490(m), IR(KBr) 3248, 1964, 1533, 1404, 1300, 1078 cm™.

2',3"-O-diacetyl uridine 5'-monophosphate(6) : mp 177-
180°C, 'H-NMR(D;0) § 9.48(d, 1H, H-6), 5.6-5.1(s, br,
3H), 3.01(s, 2H, H-5), 2.2-19(s, (CHa)), IR(KBr) 3400,
1720, 1657, 1610, 1080, and 1055 cm™

Synthesis of nucleoside 5'-(3-pyridinylcarbonyl) mon-
ophosphate analogue(7, 8).

POCl3(0.22mL, 24mmol) was added to redistilled
(EtO):PO(10mL) on BaO at -5 - 0°C and dried nicotinic
acid(0.246g, 2mmol) was reacted. Nucleoside analogue
was added and stirred for 10h at -5 - 0°C. Cool distilled
water was slowly added and extracted triethylphosphate
with diethyl ether, and then neutralized water layer to

pH 7.0. Water layer was vacuum dried to obtain white
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solid. This solid was dissolved in minimal amount of
distilled water, separated with silica gel column, and
the solvents were vacuum dried, and recrystallized with
EtOH to produce nucleoside 5'-(3-pyridinylcarbonyl)
monophosphate analogue.

Uridine 5'-(3-pyridinylcarbonyl)monophosphate(7) : mp
188-190°C, 'H-NMR(DMSO-d) 3 11.35(s, 1H, NH), 9.08
(s, 1H, pyridine H-2), 8.83(d, 1H, pyridine H-6), 8.31(d,
1H, pyridine H-4), 8.27(s, 1H, H-6), 7.65(m, 1H, pyridine
H-5), 5.76(d, 1H, H-1'), 554(d, 1H, H-2"), 5.35(d, 1H,
H-3'), 454(m, 1H, H-4), 413(s, 1H, H-5), 249(s, 3H,
CHs), "C-NMR (DMSO-ds) § 164.60(C-4), 163.03(pyridine
C-2), 153.85(pyridine C-6), 150.56(C-2), 150.05(pyridine C-1),
140.99(carbonyl C), 136.98(C-6), 12542 (C-3'), 123.99(C-2),
101.93(C-5), 89.28(C-17), 80.86(C-4'), 72.71(pyridine C-4),
69.67(pyridine C-5), 64.61(C-5"), IR(KBr) 3434, 3106, 1696,
1444, 1270, 1091 e’

2,3’-didehydro-3'-deoxythymidine 5'-(3-pyridinylcarb-
onyl) monophosphate(8) : mp 221-223°C(slowly dec), 'H-
NMR(DMSO-de) 8 11.35(s, 1H, NH), 9.08(s, 1H, py-
ridine H-2), 8.83(d, 1H, pyridine H-6), 8.31(d, 1H, pyr-
idine H-4), 8.27(s, 1H, H-6), 7.65(m, 1H, pyridine H-5),
5.76(d, 1H, H-1'), 554(d, 1H, H-2), 535(d, 1H, H-3),
454(m, 1H, H4'), 413(s, 1H, H-5), 249(s, 3H, CHy),
BC-NMR(DMSO-ds) § 164.60(C4), 163.03(pyridine C-2),
153.85(pyridine C-6), 150.56(C-2), 150.05(pyridine C-1),
140.99(carbonyl C), 136.98(C-6), 125.42(C-3), 123.99(C-2),
101.93 (C-5), 89.28(C-1'), 80.86(C-4'), 72.71(pyridine C-4),
69.67(pyridine C-5), 64.61 (C-5), 12.01(CHs), IR(KBr)
3434, 3106, 1696, 1444, 1270, 1091 cm’™.

Antitumor activity assay

MTT was dissolved in PBS(phosphate buffered saline,
pH 7.4) to 5mg/mL, filtered, and stored in dark room
at 4°C. Various concentrations of test compounds were
added to P388, FM3A, and U937 cells(2x10" cells/well)
in Dulbecco’s modified Egele’s medium. The upper 1601
L medium was removed from the incubated microtitered
well and 10-diluted 100uL. MTT solution with serum-
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free RPMI 1640 medium was added to each well. The
well was incubated for 4h at 37°C, 5% CO, and
carefully removed the upper solution. 100uL. DMSO was
added to each well and the resultant formazon was
dissolved by mixing with plate shaker for 20-30 min.
The absorbances at 570 and 650nm were measured with
ELISA Processor II Microplate reader.

Results and Discussion

Syntheses of nucleoside 5-monophosphate and nuc-
leoside 5'~(3-pyridinylcarbonyljmonophosphate analogues

Nucleoside 5-monophosphate and nucleoside 5-(3-
pyridinyl carbonyl) monophosphate analogues were sy-
nthesized as the Hong et al's method. The synthetic
reaction of nucleoside 5'-(3-pyridinylcarbonyl) monophos-
phate analogues was one step reaction which added
nucleoside analogues to 3-pyridinylcarbonyl dichloride
phosphate intermediate formed in the reaction of nicotinic
acid and POCl; under the (EtO)PO solvent without
coupling reagent and enzyme. Since it was acidic condi-
tion and exothermic reaction, acid-catalyzed hydrolysis
of acid and sugar was occurred [13]. Therefore this reac-
tion was required to terminate within short time and a
special attention was paid in the neutralization process.
Syntheses of nucleoside analogues were identified by the
specific peaks on 'H-NMR, BCNMR, *'P-NMR spectrum
and the strong P=0 peaks on IR spectrum at the 1094,

1091 em™ positions.

Antitumor activities of synthesized nucleoside
analogues

The antitumor activities of the synthesized nucleoside
derivatives for tumor cells were shown in Table 1. All
nucleoside derivatives were shown inhibition more than
80% for U937 cell and 50 and 60% for FM3A and P388
cells, respectively. The percentage inhibition of uridine
5'-(3-pyridinylcarbonyl)monophosphate(7) was greater than
uridine 5-monophosphate(1) for three cell lines. Also



Antitumor Activities of Lipophilic Nucleoside 5" -monophosphate Analogues as Prodrugs

Table 1. Antitumor activity of nucleoside derivative(%
inhibition at 100ug/ml") against three tumor
cells

Cell Line

Compound
poun FM3AY D388 U937

Uridine 5-monophosphate(1) 50<  50< 50<
23 -c:lic.iehy(/iro-3 -deoxy- 4 585
thymidine 5-monophosphate(4)
Uridine 5'-(3-pyridinyt
carbonyl)monophosphate(7)
2',3’-didehydro-3"-deoxy-
thymidine 5'-(3-pyridinyl 71 69 >90
carbonylymonophosphate(8)

52 61 80

a: Determined by MTT assay described in ref. 13.
b: Murine mammary carcinoma FM3A cell.

¢: Mouse leukemia P388 cell.

d: Human histiocytic lymphoma U937 cell.
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Fig. 1. Nucleoside 5'-monophosphate analogues

2 3'-didehydro-3'-deoxythymidine-5'-(3-pyridinylcarbonyl)
monophosphate (8) showed stronger inhibition than
2 3 -didehydro-3'-deoxythymidine-5' -monophosphate(4) for
FMBA cell.

Most biologically active nucleoside was phosphorylated
as mono-, di-, or triphosphate in order to combine to
RNA or DNA by the kinase of host before showing
inhibitory effect for a specific enzyme {8]. The rate
determining step in the absorption of nucleoside was
the first phosphorylation step, i.e. the formation step of
nucleoside 5'-monophosphate analogue [14].

When nucleoside 5'-monophosphate analogues passed
through cell membrane by active diffusion [1, 6] the
two negative charges of phosphate made it difficult to
pass through the cell membrane, so an effective transport
pathway was needed. Simple structural nicotinic acid
which was a component of vitamin was esterificated to
mask negative charge and increase the lipophilicity, and
then to make active diffusion easy in this study. When
nucleoside 5'-(3-pyridinylcarbonyl)monophosphate ana-
logues entered into target cell, it was hydrolyzed to
nucleoside or nucleoside monophosphate by phosphod-
iesterase, so the first phosphorylation process, was able
to be omitted [12].

This result suggested that nucleoside 5'-(3-pyridiny-
lcarbonyl)monophosphate analogues might be a solution
in the removal of pathogens which had resistance to
pre-nucleoside chemotherapeutic agent and in the
treatment of chemotherapeutic agent which had a
toxicity for normal cell because of its abnormal phos-
phorylation. Furthermore, when other drugs except
nicotinic acid were esterificated, the synergistic effect
was expected and then the development of a new
chemotherapeutic agent which had better cure would be

come true.

Acknowledgment

This research is supported by the Ministry of
Education, Korea(BSRI-98-4410) and Pusan National Uni-
versity (Basic Science Research Institute, 1998 Funds).
We are also grateful to Korea Basic Science Institute,

Pusan Branch for obtaining experimental data.

Korean ]. Life Science, Vol. 9. No. 1(1999. 2} - 61



Bong-Hun Lee, Jang-Su Park, and Shin-Won Kang

References

. Berlin, R. D. and Oliver, J. M. 1975. Int. Rev. Cytol.

and Keithly, J. 5. 1990. J. Med. Chem., 33, 44.

. Matsuschita, T., E. K. Ryu, C. L. Hong, and MacCoss,

M. 1981. Cancer Res. 41, 2707.

2 287 10. Mosmann, T. 1983. . Immunol. Method, 65, 55.
. Block, A. 1974, Biochem. Biophys. Res. Commun. 58, 652 Eﬁ:‘;‘f IL)a'bB“ztj“d Amﬁjfoér‘évﬁg‘ I;,'e rlgfio: “I’frfi‘;’z
. Bobbitt, J. M, A. E. Schqarting, and Gritter, R. J. 1968. ry Chemicals - O g
Introduction to Chromatography; D. Van. Nostrand C Oford, UK.
;p;n}uf ;n 6; romatography; L. Van. Nostra o 12. Plagemann, P. G. W., R. Marz, and Wohlhuetter, R.
e . ] . iol., 97, 49.
. Dueweke, T. J, F. . Kezdy, G. A. Waszak, M. R. M. 1978 ]. Cel. Physiol, 97, 49. .
. . 13. Smee, D. F. 1989. ACS Symposium Series 401; Martin,
Deibel, and Tarpley, W. G. 1992. |. Biol. Chem. 267, 27. |, Ed, American Chemical Socie Washington
. Hitchings, G. H., E. A. Falco, and Sherwood, M. B. v R4 gton,
1945, Science 102, 251 DC, p. 124
. Hochsladt, ]. 1974. Crit. Rev. Biochem., 2, 259, 14. Wagar, M. A, M. J. Evans, and Manly, K. F. 1984 |
H C L A 1 Kirisits A Nech J. Buchhait Cell Physiol. 121, 402.
- Hong, C. 1, A.J. Kirisits, A. Nechaev, J. Buchhait, 5 yn o "R T, B D. Clercq, and Eckstein, F. 1979,

and West, C. R. 1985. ]. Med. Chem., 28, 171.
. Kini, G. D,, E. M. Henry, R. K. Robins, S. B. Larson,
J. J. Marr, R. L. Berens, C. ]. Bacchi, H. C. Nathan,

Nucleoside Analogues. Chemistry, Biology, and Medical
Applications; Plenum Press, New York, p. 283.

Z2 : Prodrug2M X|&ZIE Nucleoside 5'-(3-pyridinyl carbonyl) monophosphate R

of et g

o

SRS A9

1%a
Aosta Adsee 3e)

(#

Z7}4] nucleoside 5'-monophosphate 5453 2|2 34L& Z71412] nucleoside 5'-(3-pyridinyl

carbonyl)monophosphate ¥+ =52 438 & Mouse leukemia P388, Murine mammary carcinoma FM3A,
Human histiocytic lymphoma U937 AELE] tha} AlgehlolA IddEd & g o83 Wwyos U
etk 2 23} uridine 5'-(3-pyridinylcarbonyl) monophosphate(7)$} 2',3'-didehydro-3'-deoxythymidine-
5'-(3-pyridinylcarbonyl) monophosphate(8)2] inhibitione] uridine 5'-monophosphate(1)¢} 2',3'-didehydro-
3 -deoxythymidine-5 -monophosphate(d) Bt} 24z Z7}8tAth. o] & nucleoside 5'-(3-pyridinylcarbonyl)

monophosphate fr=450] 443 #A4F 8L & Ye 7Fe8E B HAojth

FA)0] : prodrug, nucleoside monophosphate X7, 39} &Y

62 / A%



